The effect of the "B" term in the interaction −χQ · Q(1 + B τ (1) · τ (2)), which was previously considered in the 0p shell, is now studied in a larger space which includes ∆N = 2 excitations. We still get a collapse of low-lying states below the conventional J = 0 + ground state when B is made sufficiently negative.
I. INTRODUCTION
In a previous work [1] , a combination of the isoscalar and the isovector quadrupolequadrupole interaction −χQ · Q(1 + B τ (1) · τ (2)) was used in a shell model calculation of states in 10 Be. The model space was the 0p shell, and in particular the dependence on the parameter B (the strength of the isovector term in the interaction) was studied. In the present work, we extend the calculations to a space which includes the 0p shell plus all ∆N = 2 excitations.
For B = 0 we have a spin-isospin independent interaction, and for the 0p shell the Wigner Supermultiplet Theory applies [2] . We can also think of this as an application of the Elliott model [3] to the 0p shell. Of course, the greatest interest in the latter model will be in the 1s − 0d shell. The study of the addition of the term −χB τ (1) · τ (2) can be regarded as an exploration of what happens when we deviate from the simple SU(3) limit. In another vein, 1 a large negative value of B has been invoked in R.P.A. calculations to explain the splitting of the isovector and isoscalar giant quadrupole resonances. Will this same large negative B
give better results than the B = 0, SU(3) limit in shell model calculations?
In the previous calculation of 10 Be in the 0p shell [1] , the answer was a resounding no!
In the 0p space calculation with B = 0, the ground state has J = 0 + and orbital symmetry [42] . There is a two-fold degeneracy for the first excited state: two J = 2 + states both with orbital symmetry [42] , corresponding to K = 0 and K = 2. The focus of interest was also on two degenerate L = 1 S = 1 states: one with orbital symmetry [33] , and the other [411] .
From L = 1 S = 1 one can get a triplet of states J = 0, 1, 2.
When a negative B of increasing magnitude was introduced, the 2 1 state came down in energy in a nearly linear fashion. The B(E2) to this state was purely isovector i.e.
proportional to (e p − e n ) The main point is the change of scale by somewhat more than a factor of two. There has been considerable discussion of this in the literature, e.g. by Bes, Broglia and Nilsson [4] .
They point out that in a small space, the renormalized B is considerably smaller than the bare B. For example, with a bare value B = −3.6, the renormalized value to be used in a small space is only B ≈ −0.6. However, in the large space we get the undesirable collapse of states at less than half the 'empirical' value of -3.6.
Another change in going from the small space to the large space concerns the isoscalar and isovector B(E2)'s. In the small space the 2 + 1 , which came down in energy as B was made increasingly negative, was a purely isovector state. That is to say the value of B(E2, e p , e n ) was zero if e p = e n but was large if e p = −e n . In the large space the corresponding 2 + state is not purely isovector. At B = 0, the 2 states. The lowest 2 + state is at 0.370 MeV and is part of the L = 1 S = 1 triplet -it has zero isoscalar and zero isovector strength).
In the upper part of Fig. 1 , we also look at the B dependence of the T = 1 and T = 2 branches of the scissors mode (dot-dashed curve and dotted curve respectively). We note that the energies of both rise rapidly with increasing negative B. This behaviour is somewhat different from that in the small space, where the T = 2 branch came down in energy and the T = 1 branch came up in energy as B was made more negative ( Fig. 1 in Ref. [1] ).
It should be pointed out that in a previous publication [5] we estimated that the T = 2 scissors mode should be at about 22 MeV in excitation, so one may argue that if we focus just on this point a large negative B is a good thing. However, we see in the lower part of This tells us that it is not enough to look at one nucleus to test the consequences of a certain interaction. By looking at 8 Be, we find no problems with collapsing states, but they are certainly there in 10 Be and, as we shall soon see, in 6 Be.
IV. THE B DEPENDENCE FOR THE TWO-PARTICLE PROBLEM 6 HE ( 6 BE)
We can gain some insight into why we get states coming down in energy for negative B by considering the simplest problem of two identical particles in the p shell i.e. 6 He or 6 Be.
This analysis also applies to two holes e.g. 12 Be.
With a spin-isospin independent interaction, the wavefunctions can be classified by LS coupling:
Ground State (L = 0 S = 0)
The above states all have isospin T = 1.
With a Q · Q interaction, the energies are given by [3] −χQ · Q λ µ L =χ −4(λ 2 + µ 2 + λµ + 3(λ + µ)) + 3L(L + 1) whereχ = χ The above expressions are shown in Fig. 3 . For negative B with |B| ≤ 1, the L = 0 state is the lowest in energy, and the L = 1 S = 1 triplet is the highest in energy. For B = −1, all three states are degenerate at zero energy. For B negative but |B| > 1, there is a sign change of the overall coupling, the L = 1 S = 1 triplet becomes the ground state and the L = 0 S = 1 state is at the highest energy.
V. THE ENERGY WEIGHTED STRENGTH AS A FUNCTION OF B
In Tables I, II and III We give results for both the low-lying sums and the total sums. The division between low and high energy is somewhat arbitrary but there seems to be a sudden sharp rise in the cumulative sums which makes the task easier than one might at first expect.
Concerning the energy-weighted strength (EW S), we recall that for B = 0 i.e. for V = −χQ · Q, there is a sum rule which relates the isovector orbital B(M1) to the difference of the isoscalar and isovector B(E2) [6] :
E2, e p = 1, e n = 1) − B(E2, e p = 1, e n = −1)]
We next study the B-dependence. We define R(B) as the ratio EW S(B)/EW S(0). The results in Tables II and III for R(B) can be fit approximately by the following formulae:
For negative B the energy-weighted sum rule increases relative to the case B = 0, as was noted by Hamamoto and Nazarewicz [7] . As can be seen from Tables II and III , the low EW S do not increase as rapidly as the total sums, and indeed for the case 10 Be T = 1 → T = 1 the low EW S ultimately decreases.
VI. A SMALL SPACE CALCULATION IN 22 N E
Just to show that the behaviour in 10 Be of an isovector Q·Q interaction is not peculiar to this nucleus alone, we have performed similar calculations in 22 Ne -also six valence nucleons but in the 1s − 0d shell. In Fig. 4 we show the behaviour in small space (∆N = 0).
The behaviour in this small space calculation is very similar to the behaviour in 10 Be.
At B = 0 there are two nearly degenerate 2 + states -they would be exactly degenerate if
we introduced an appropriate single-particle splitting between 1s and 0d, but we make these degenerate in this calculation (that is we don't add the diagonal term − χ 2 Q(i) · Q(i) to the Q · Q interaction, and we don't include the interaction of 0d and 1s with the core which will contribute to the single-particle splitting).
As B is made negative, one of the 2 + states comes down in energy, but the other 2 This is an unphysical result and sets a limit on the acceptable magnitude of B.
VII. CLOSING REMARKS
In this work we set limits on the magnitude of the parameter B in the interaction
). Previous to this work, a popular value of B was -3.6 -this apparently fit the splitting of the isovector and isoscalar giant quadrupole resonances in medium-heavy nuclei. We had previously shown in a small space calculation, and we are ). Thus, one doesn't need a B with such a large magnitude in order to get up to the isovector quadrupole resonance.
There have been several works quoted in Ref.
[1] (which will not be repeated here) in which it is argued that smaller values of B than the reference value of -3.6 would be preferable.
Most recently, there has been an analysis by R. Nojarov of the isovector part of the optical potential, which leads him to a similar conclusion. . (e) Dotted curve: the T = 2 branch of the scissors mode.
